THE RADIOCHEMIOAL EFFECTS
and from the low energy utilization, it is evident that the work
of the primary action involves energy quantities very much in
excess of the net chemical energy, and that the amount of energy
necessary to do this work is of the same order, whether the reac-
tion is proceeding with or opposed to the chemical energy. If
ionization is the intermediate step involved, this is just what
would be expected. Since the energy necessary to form a pair
of ions (5.5.10-11 ergs) is large compared with the chemical
energy of reaction referred to a single molecule, the energy trans-
formation will be small. For example, if the M/N value is unity
for a reaction of which Q = 100 Gals., q or the heat of reaction
referred to a single molecule would be 6.10"12 ergs, and the energy
utilization would be about 10%.
For most of the reactions where expense of energy is actually
required the utilization factor is about 2% or less. Warburg15
has pointed out that a low order of energy transformation is one
of the chief characteristics of photochemical action. Warburg
explains this by the assumption of a primary reaction consisting
in splitting the molecules into atoms, a process that would require
much more energy than that involved in the finally resulting
chemical reaction, were it wholly molecular in mechanism. It
does not appear at all impossible that free atoms are the inter-
mediate products in photochemical reactions, while free ions and
electrons may be the intermediate products or agents in reactions
produced under ionizing conditions.
It might be mentioned that the values for energy transforma-
tion given in the last column of Table VII vary considerably in
reliability. The later values for water formation, and for decom-
position of water, ammonia, hydrogen sulfide, and nitrogen pro-
toxide may be accepted with assurance. The data involved in
most of the other cases are older and perhaps should be verified
before they can be accepted with the same degree of certainty.
52.    Chemical  Action Produced by Electrical  Discharge  in
Gases.
The subject of the chemical effects of electrical discharge
through gases is too large to be considered in its entirety within
the limits of the present work. Attention will be confined to
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